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Supplementary Fig. S1. Cross-species transcriptomic profiles underlying differential 

regenerative capacities, Related to Fig.1. 

a Clonal expansion analysis of hPMSCs and dASCs. Quantitative data to the right are presented 

as the mean ± SEM (Two-tailed unpaired Student’s t test). n = 3 biological replicates. b Clonal 

expansion analysis of hPMSCs (passage 13, P13) cultured in fresh medium (FM) and dASC 

culture medium (dASC-CM) for three passages. Quantitative data to the right are presented as 

the mean ± SEM (Two-tailed unpaired Student’s t test). n = 3 biological replicates. c Ki67 

staining of hPMSCs (P13) cultured in FM and dASC-CM for three passages. Quantitative data 

to the right are presented as the mean ± SEM (Two-tailed unpaired Student’s t test). n = 3 

biological replicates. Scale bars, 25 µm. d Representative tracks of RNA-seq data showing the 

RNA levels of WRN in WT and WS hMSCs (P9). e Western blot analysis of WRN levels in 

WT and WS hMSCs (P9). β-Actin was used as the loading control. f Clonal expansion analysis 

of WT and WS hMSCs (P9). Quantitative data to the right are presented as the mean ± SEM 

(Two-tailed unpaired Student’s t test). n = 3 biological replicates. g Wind-rose plot showing the 

count of DEGs in AB at DPA 11, young NHP tissues, and young hMSCs. h Bubble plot 

showing the enriched GO terms and pathways for upregulated DEGs in AB at DPA 11, young 

NHP tissues, and young hMSCs. The color key from white to red indicates low to high –log10(P-

value). The bubble sizes are positively correlated to the relative enrichment levels. 
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Supplementary Fig. S2. Metabolomic profiles for cross-species models with differential 

regenerative abilities, Related to Fig.2. 

a Wind-rose plots showing the count of identified metabolites in AB, dASCs, NHP tissues, and 

hMSCs. b Intra-tissue correlation heatmaps for metabolites in each tissue from young and old 

NHPs. The correlation coefficient rho from negative to positive is shown from blue to red. c 

Network diagram showing the representative sub-pathways associated with “Fatty Acid 

Metabolism (Acyl Carnitine)” and relative abundance for DPMPs for each sub-pathway in AB 

at DPA 11, dASCs, young NHP tissues, and young hMSCs. The color of the edge from black 

to amaranth indicates log2(fold change) from low to high. The node sizes are positively 

correlated to the edge counts for each node. 
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Supplementary Fig. S3. Transcriptional regulation of metabolic pathways associated with 

regenerative capacities, Related to Fig.2. 

a Heatmap showing the enriched metabolic pathways based on the interplay analysis of 

transcriptome and metabolome data. Integrated pathway analysis of transcriptomic and 

metabolomic data were conducted by the MetaboAnalyst web tool based on the upregulated 

DEGs and increased DPMPs in samples with higher regenerative potential. The color key from 

white to amaranth indicates –log10(P-value) from low to high. b Network diagram showing the 

differential levels for DEMGs and DPMPs in pyrimidine metabolism sub-pathway in samples 

with higher regenerative potential. The color of the edge from black to amaranth indicates 

log2(fold change) from low to high. The node sizes are positively correlated to the edge counts 

for each node. The DEMGs and DPMPs of pyrimidine metabolism enriched in AB at DPA 11, 

young WAT, kidney and young hMSCs are shown. c Network diagram showing the enriched 

transcription factors (TFs) for DEMGs in samples with higher regenerative potential. The color 

of the edge from white to black indicates enrichment level (Normalized enrichment level, NES) 

for TF from low to high. The color of the node from white to amaranth indicates count of 

enriched target genes for the corresponding TF. “# of enriched samples (n)” means the count 

of enriched models for indicated TF. TFs enriched in at least two types of samples with higher 

regenerative potential are shown. d Protein-protein interaction network showing the interaction 

of the enriched TFs for DEMGs in samples with higher regenerative potential. TFs enriched in 

at least four types of samples with higher regenerative potential were retained for protein-

protein interaction analysis. The color of the edge from white to amaranth indicates the 

interaction score from low to high. Protein-protein interaction was calculated by STRING 

database (https://cn.string-db.org) and visualized by Cytoscape. e Network diagrams and 

heatmaps showing the relative expression levels for genes in PPAR signaling pathway. The 

color key of the heatmap from blue to amaranth indicates the relative expression levels 

[log2(fold change)] of indicated genes from low to high. Heatmap cells marked by * indicate 

significantly changed DEGs. 
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Supplementary Fig. S4. Uridine treatment enhances hMSC activity, Related to Fig.3. 

a Left, clonal expansion analysis of vehicle- and uridine (200 µM)-treated WS hMSCs (P5) at 

P2 post treatment. Middle, clonal expansion analysis of vehicle- and uridine (100 µM)-treated 

HGPS hMSCs (P10) at P2 post treatment. Right, clonal expansion analysis of vehicle- and 

uridine (100 µM)-treated hPMSCs (P13) at P2 post treatment. Data are presented as the mean 

± SEM (Two-tailed unpaired Student’s t test). n = 3 biological replicates. b Left, 

immunostaining of Ki67 in vehicle- and uridine (100 µM)-treated HGPS hMSCs (P10) at P2 

post treatment. Right, immunostaining of Ki67 in vehicle- and uridine (100 µM)-treated 

hPMSCs (P13) at P2 post treatment. Data are presented as the mean ± SEM (Two-tailed 

unpaired Student’s t test). n = 3 biological replicates. Scale bars, 25 µm. c Cell cycle analysis 

of vehicle- and uridine (100 µM)-treated HGPS hMSCs (P10) at P2 post treatment. Data are 

presented as the mean ± SEM (Two-tailed unpaired Student’s t test). n = 3 biological replicates. 

d Left, immunostaining of H3K9me3 in vehicle- and uridine (200 µM)-treated WS hMSCs (P5) 

at P2 post treatment. Middle, immunostaining of H3K9me3 in vehicle- and uridine (100 µM)-

treated HGPS hMSCs (P10) at P2 post treatment. Right, immunostaining of H3K9me3 in 

vehicle- and uridine (100 µM)-treated hPMSCs (P13) at P2 post treatment. Dashed lines 

indicate the nuclear boundaries of the cells with decreased H3K9me3 signals. Data are 

presented as the mean ± SEM (Two-tailed unpaired Student’s t test). n = 3 biological replicates. 

Scale bars, 25 µm. e Left, RT-qPCR analysis of transcripts from indicated repetitive elements 

in vehicle- and uridine (200 µM)-treated WS hMSCs (P5) at P2 post treatment. Middle, RT-

qPCR analysis of transcripts from indicated repetitive elements in vehicle- and uridine (100 

µM)-treated HGPS hMSCs (P10) at P2 post treatment. Right, RT-qPCR analysis of transcripts 

from indicated repetitive elements in vehicle- and uridine (100 µM)-treated hPMSCs (P13) at 

P2 post treatment. Data presented as the mean ± SEM (Two-tailed unpaired Student’s t test). n 

= 4. f Left, immunostaining of γH2A.X and 53BP1 in vehicle- and uridine (200 µM)-treated 

WS hMSCs (P5) at P2 post treatment. Middle, immunostaining of γH2A.X and 53BP1 in 

vehicle- and uridine (100 µM)-treated HGPS hMSCs (P10) at P2 post treatment. Right, 

immunostaining of γH2A.X and 53BP1 in vehicle- and uridine (100 µM)-treated hPMSCs (P13) 

at P2 post treatment. Dashed lines indicate the nuclear boundaries of the γH2A.X and 53BP1 

double positive cells. Data are presented as the mean ± SEM. (Two-tailed unpaired Student’s t 

test). n = 3 biological replicates. Scale bars, 25 µm. 
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Supplementary Fig. S5. Single-nucleus transcriptomic profile of muscle regeneration 

model, Related to Fig.4. 

a UMAP plots showing the different cell types (left) and cells of muscle tissues from sham 

mice and mice treated with vehicle or uridine (right). Adi, adipocyte; FAST IIA, type IIA fast-

twitch muscle fiber; FAST IIX, type IIX fast-twitch muscle fiber; Mixed, mixed type IIA/ IIX 

fast-twitch muscle fiber; MuSC, Muscle satellite cell; FAP, fibro-adipogenic progenitor; Ten, 

Tendon fibroblast; Tnc-Fib, Tnc-positive fibroblast; EC, endothelial cell; Per, pericyte; M1, 

pro-inflammatory macrophage; M2, anti-inflammatory macrophage; NMJ-PMF, 

neuromuscular junction-postsynaptic muscle fiber. b Dot plot showing the representative 

marker gene in each cell type. c Top, heatmaps showing the distribution of DEGs of cell types 

comparing between SMI (Vehicle) and Sham groups, and SMI (Uridine) and SMI (Vehicle), 

respectively. Each row represents one cell type, and each column represents one gene. Rescue 

DEGs are the genes that exhibited the opposite changes upon injury and uridine treatment. 

Bottom, GO term and pathway enrichment analysis for rescue DEGs. The color keys from white 

to red or blue indicate –log10(P-value) from low to high. d Pharmacokinetic characteristics of 

plasma uridine concentrations in mice (n = 15 mice) after intraperitoneal administration (200 

µL of 4 mg/mL uridine in 0.9% NaCl). Blood samples were serially taken, and the uridine 

concentrations were determined by liquid chromatography-tandem mass spectrometry. Each 

sample was technically repeated for 6 times, and the mean value was taken for statistical 

analysis. Data are presented as the mean ± SEM (Two-tailed unpaired Student’s t test). e 

Schematic diagram showing the working model for cross-species and cross-ages metabolomic 

analysis and metabolites screening identified uridine as a key metabolite reinforcing 

regeneration in multiple mouse tissues. 
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